Abstract. Endobronchial ultrasound-guided transbronchial needle aspiration (EBUS-TBNA) is of limited usefulness for diagnosing thyroid disease, and few studies have reported its use in diagnosing and treating thyroid cysts. The present study investigated a unique case of diagnosis and treatment of a thyroid cyst by EBUS-TBNA. A 67-year-old male presented with back pain. Positron emission tomography/computed tomography scanning revealed low-density signals in the right lobe of the thyroid. Needle aspiration biopsies and drainage at this site was performed, and EBUS was used for guidance in diagnosing the thyroid cyst. A follow-up chest computed tomography scan indicated that the thyroid lesion had subsequently disappeared. The present study concludes that EBUS-TBNA provides an alternative approach for diagnosing and treating deep thyroid cysts located close to the airway. In all other cases, percutaneous needle aspiration or surgery should be the first choice.
Introduction
Endobronchial ultrasound (EBUS) has been used in clinical practice since the 1990s (1) . EBUS may be used in combination with needle aspiration to obtain biopsy samples of lesions outside the airway, an application that may be termed 'EBUS-guided transbronchial needle aspiration (EBUS-TBNA)' (2) . This widely used technique is recommended as an important tool for staging mediastinal lymph nodes containing malignant cells (3, 4) and is predominantly used for scanning and needle aspiration biopsies of mediastinal lymph nodes outside the trachea and main bronchi (5) (6) (7) . Occasionally, this approach has been used for exploratory studies of the lesions outside the lobar bronchi and segmental bronchi (8) , mediastinum (9, 10) , thoracic great vessels (11) (12) (13) , pericardium (14) , heart (15) , esophagus (16) , thyroid (17) , and other tissues and organs (18) . As the thyroid gland is located near and anterolateral to the upper trachea, the EBUS-TBNA technique may be useful in scanning thyroid lesions and obtaining needle aspiration samples for biopsy. Various case reports (17, 19) and a small-sample retrospective study (20) have been published on the application of the EBUS-TBNA technique; however, few reports are available concerning the use of this technique to diagnose thyroid cysts (21) . To date, no report has been published on the application of the EBUS-TBNA technique to treat thyroid cysts. Thus, the present case report investigated a case of a thyroid cyst that was diagnosed and treated via the EBUS-TBNA technique.
Case report
The present study was approved by the Institutional Review Board of Shengjing Hospital of China Medical University (no. 2015PS61J; Shenyang, China) A 67-year-old male was admitted to our hospital due to spontaneous back pain with no existing medical conditions and presented without respiratory symptoms, such as cough or shortness of breath. Physical examination revealed no positive findings. Serum carcinoembryonic antigen level was <5 µg/l (reference range: 0-5 µg/l) using a Cobas E602 immunoassay module (Roche Diagnostics, Basel, Switzerland). A positron emission tomography-computed tomography (PET/CT) scan (Siemens AG, Munich, Germany) was performed to exclude neoplastic diseases and revealed a soft tissue mass in the hilum of the left lung, a soft tissue nodule in the lower lobe of the left lung, enlarged lymph nodes superior to the left clavicle and inferior to the carina within the mediastinum, left-sided pleural effusion, bilateral pleural thickening and low-density signals in the right lobe of the thyroid (Fig. 1) . To obtain a definite diagnosis, an ultrasound bronchoscope (HI-VISION Avius; Hitachi, Ltd., Tokyo, Japan) and an EB-1970UK video bronchoscope (Pentax, Tokyo, Japan) was used, following an EBUS-TBNA examination on March 18th 2015 after receiving informed consent from the patient. Ultrasound examination of the right lobe of the thyroid indicated an 11.3x14.0-mm oval lesion with clear boundaries, and a medium-to-low signal of an incomplete Endobronchial ultrasound-guided transbronchial needle aspiration for thyroid cyst therapy: A case report membrane containing a medium-to-low signal center without blood flow (Fig. 2) . Three needle aspiration biopsies, using endobronchial ultrasound needles (ECHO-HD-22-EBUS-P; EchoTip Ultra; Cook Medical, Inc., Bloomington, IN, USA), were performed at this site ( Fig. 3) , and 1.5 ml of a cloudy, yellow viscous fluid was obtained. The aspiration needles were changed and needle aspiration biopsies for lesions in the subcarinal area and the hilum of the left lung were performed. A small amount of bleeding occurred at the aspiration site; however, no major complications were reported following aspiration. Aspirates were collected and fixed in formalin at 20˚C for 18 h and subsequently embedded in paraffin. Sections were cut (thickness, 5 µm) and stained with hematoxylin and eosin. Cytopathological examinations were performed under a light microscope, and the results indicated a low number of inflammatory cells and thyroid epithelial cells; however, tumor cells associated with thyroid or other organs were absent (Fig. 4) . The findings from the pathology examination of the subcarinal lymph nodes and from the lesion itself were negative for malignancy. Subsequently a percutaneous needle aspiration biopsy of the nodule in the lower lobe of the left lung was performed. Pathological examination of the percutaneous needle aspirates indicated lung adenocarcinoma (bronchial mucosa) based on the following immunohistochemistry results: Tumor proteins p63(+) and p40(-), NapsonA(+), thyroid transcription factor-1(+), synechocystis(-), cytokeratin(+). Reverse transcription-quantitative polymerase chain reaction was performed as previously described (22) and the results of epidermal growth factor receptor mutation testing were negative. Combined with the result of the PET/CT, the final diagnoses were lung adenocarcinoma with bone metastasis (stage IV) and thyroid cyst (21) . The patient received systemic chemotherapy on 4 occasions between March and August 2015. Intravenous chemotherapy drugs included cisplatin (cycles 1 and 2; 140 mg per cycle; Qilu Pharmaceutical Co., Ltd., Shandong, China), carboplatin (cycle 2; 500 mg; Qilu Pharmaceutical Co., Ltd.), and zoledronic acid (cycle 3; Zometa; 8 mg; Novartis, Basel, Switzerland). Local radiotherapy for bone metastasis was used in conjunction with oral erlotinib tablets (Tarceva; 150 mg/day; Roche Diagnostics) for cycle 4 of the chemotherapy. A follow-up chest CT scan at 7 weeks post-aspiration showed that the low-density signal in the right lobe of the thyroid had disappeared (Fig. 5) .
Discussion
Thyroid cysts are relatively common benign lesions, which are predominantly solitary elastic lesions that exhibit a smooth surface and clear boundaries (21, 23) . Typically, no tenderness is experienced and no adhesion between the cyst and peripheral tissues is apparent (24, 25) . Radioisotope scanning indicates the cyst as a 'cold' nodule, whereas an ultrasound examination reveals its cystic nature (26) . Echo signals are mixed, with the anechoic area containing lowor medium-strength echo signals of deposits on the lower portion of the cyst, or attached to the cyst wall. Occasionally septa may be present inside the cyst (23, 25) . Thyroid cysts may be diagnosed according to the characteristics mentioned above, as demonstrated in the present case. In particular, the present study revealed that EBUS indicated medium-strength echo signals of deposits on the lower portion of the cyst and the cyst fluid obtained by needle aspiration, which is the most direct diagnostic tool, indicated the presence of a thyroid cyst. Consequently, the EBUS examination in the present study provided the information required to diagnose a thyroid cyst in the patient. While most patients with thyroid cysts experience no clinical symptoms, the cyst grows continuously, creating a risk of intracystic bleeding. Therefore, thyroid cysts should be treated soon after a definitive diagnosis has been made. Local aspiration and anhydrous ethanol irrigation are appropriate techniques used for treating superficial small cysts (<30 mm in diameter) (27) . The procedures are minimally invasive and result in less pain for the patient and provide a satisfactory outcome; however, secondary bleeding is a recognized risk with this method. In order to treat deep thyroid cysts (>30 mm in diameter), surgical removal is a safe and reliable preferred option (27) . In the present case study, the maximum diameter of the cyst was 14 mm and the cyst was located deep but close to the trachea. The EBUS technique was used to demonstrate its use as an alternative method for diagnosis and treatment, which avoids possible trauma inflicted by surgery and therefore offers an alternative for patients who cannot undergo surgery.
In the present case, the EBUS technique was used to diagnose the patient and treat the thyroid cyst, simultaneously. The patient tolerated the whole process well. Combined with the findings of case reports (19, 20) and a small-sample retrospective study (17) , we believe that needle aspiration biopsy and treatment using the EBUS technique are feasible procedures for deep lesions near the trachea. Additionally, EBUS guided needle aspiration to thyroid is useful to further determine that the condition of the patient is not the result of primary thyroid tumors or lung cancer metastasis to the thyroid (28) .
In previous case reports, two patients presented with serious complications after EBUS-TBNA of the thyroid (29, 30) . One patient had a skin rash on the suprasternal notch 48 h after the biopsy procedure. Even after flucloxacillin administration, spontaneous drainage of pus occurred at the site of the rash; however, the rash disappeared after 6 days of treatment (29) . Culture of the pus identified the pathogen as penicillin-sensitive Streptococcus pneumonia. Another patient presented with a fever, swelling of the neck, and pain arising 8 days after biopsy. The ultrasound examination indicated an abscess in the thyroid. Ultrasound-guided percutaneous aspiration was performed twice to remove the pus, and an antibiotic was administered intravenously. Pus culture revealed penicillin-sensitive Streptococcus mitis and mixed gram-positive and gram-negative bacteria. However, the patient did make a full recovery (30) . These cases suggest that the EBUS-TBNA technique is not aseptic and resulted in infection, which may occur easily during aspiration and manipulation of the thyroid lesions (31).
Casal et al (17) investigated the causes of infection following EBUS-TBNA and identified that 11 of 12 patients examined after the laryngeal mask airway who received EBUS-TBNA under general anesthesia had no complications, suggesting that manipulation under general anesthesia may reduce the risk of infection, rather than in a less-sedated state. Moreover, previous studies have demonstrated that the two patients described above were infected with penicillin-sensitive Streptococcus after EBUS-TBNA procedures of the thyroid (29, 30) . Hence, perioperative antibiotic administration is necessary for reducing the incidence of infection. In order to reduce the incidence of infection three key steps should be considered: Using general anesthesia, administering antibiotics perioperative and decreasing the frequency of aspiration.
The present case study reported for the first time a case of thyroid cyst treated with the EBUS-TBNA technique. We believe that aspiration of the thyroid cyst using the EBUS-TBNA technique is feasible. However, strict criteria for this procedure are required to reduce the risk of possible complications. The effectiveness and safety of the EBUS-TBNA technique in the manipulation of thyroid cysts should be verified by future large-sample clinical studies. Until randomized, controlled studies yield positive results, the range of application of the EBUS-TBNA technique will not be expanded (30) . To conclude, EBUS-TBNA provides an alternative for the diagnosis and treatment of deep thyroid cysts located close to the airway. In all other cases, percutaneous needle aspiration or surgery should be the first choice. 
